Introduction
Physician shortage is an increasing problem in many countries. Too few young physicians enter the profession, and many practicing physicians leave patient care. There is much debate over why physicians leave practice, and reasons may differ across countries and healthcare systems. As the medical profession has become more feminised [1] , media and politicians have often assumed a causal link between feminisation and physician attrition. A politician in the UK recently warned that "female doctors are putting a strain on the NHS" [2] . A US study speculated that female physicians are less productive because they work fewer hours [3] . In contrast, a systematic review in 2014 found that women physicians spent more time with their patients and that any negative effect feminisation has on the workforce is probably small [4] .
Healthcare professionals often claim that physician dissatisfaction is the main reason for leaving patient care. In the US, it is commonly argued that the electronic health record (EHR) mandate [5] made record-keeping burdensome and reduced physicians' time with patients [6] , so that young doctors gain less clinical experience and waste more time on unnecessary clerical work [7] . In Switzerland, a hospital physician spends about 35% of their time directly caring for patients [8] . Physicians who face work-family conflicts may also withdraw from patient care, and such conflicts may be more common for women than men [9] . In 2015, the Swiss Association of residents and senior physicians (VSAO) speculated, without data, that between 14 and 21% of women physicians left patient care either temporarily or permanently [10] .
We set out to estimate the percentage of physicians who left patient care in Switzerland, and to determine whether gender was associated with the decision to leave patient care.
Materials and methods

Study design
This cross-sectional study nested in a national registry used two random samples drawn from the target population of all physicians who graduated between 1980 and 2009 from one of the five Swiss university medical schools.
Procedures
In June 2015, we used the National Registry of Medical Professions (Medreg) in Switzerland, a public database that captures all newly graduated physicians from the five Swiss university medical schools, to identify all physicians who graduated in Switzerland between 1980 and 2009. This time window captured the largest number of physicians who had finished their postgraduate training and had not yet retired. We excluded physicians who died during or after 2015. Data collected from the registry included name, gender, year of medical school graduation, graduating university, and the language region the university was in (German vs French or Italian). These data were linked to data from the membership database of the Swiss Medical Association (FMH), which included current work addresses, email addresses, and phone numbers for physicians who consented to make this information publicly available. The FMH used their data on physician working status to classify physicians employed by hospitals, working in private practice or in postgraduate training as "probably involved in patient care". The rest were classified as "potentially left patient care". We selected an unrestricted random sample of 250 individuals from each category. The study was reviewed for compliance with Swiss data protection and privacy laws and approved by the boards of FMH and VSAO. Since no health-related data were collected, our study did not need additional approval by the research ethics committee. Randomly selected physicians were mailed an information letter signed by the Presidents of FMH and VSAO that explained the rationale and design of the study and its confidential nature. Between 15 July and 4 August 2015, one of us (SC), who was unaware of the preliminary classification, searched professional directories such as www.medreg.admin.ch, www.doktor.ch, and www.doctorfmh.ch, and social media websites such as www.linkedin.com, www.facebook.com, and www.google.ch to determine the working status of each physician. If a physician was clinically active (i.e. in direct contact with patients) in a private practice or hospital, we definitively classified them as involved in patient care whether or not they were board certified. If a web search uncovered a current description of professional activity that ruled out involvement in patient care, we defi-nitely classified the individual as having left patient care. If we could not make a definitive determination we classified the status of the physician as undetermined. Between 10 and 23 August 2015, physicians whose status was undetermined and who had a known email or postal address were invited to complete an online questionnaire about their working status in German or French. All non-responders were sent a reminder letter by postal mail a week after the initial invitation; this letter included a postal questionnaire.
To determine the feasibility of the search and help us determine sample size, we performed a pilot study in unrestricted random samples of 30 physicians from the FMH's preliminary classification of physicians into those who were either probably involved in patient care or have potentially left patient care. One of us (SC) performed the searches described above and classified individuals as "involved in patient care", "left patient care" or "status undetermined". Another investigator (SS) checked two random samples of 15 individuals each. We came to agreement on all 30 classifications. In the random sample of those the FMH had classified as probably involved in patient care, 27 were definitely classified as involved in patient care (90%) and 3 remained undetermined (10%). Among those the FMH classified as potentially left patient care, 19 were clinically active (63%), 5 had left patient care (17%) and the status of 6 remained undetermined (20%).
Statistical analysis
Based on data from the pilot study, we estimated that 16% of physicians had left patient care (95% confidence interval [CI] 7-26%) after taking the sampling strategy into account. Assuming percentages of physicians who had left patient care of this approximate magnitude, a sample size of 250 physicians per stratum would result in widths of two-sided 95% CIs around 5% after accounting for the stratified random sampling strategy.
We first calculated the proportion of physicians who had left patient care and 95% CI, using the svy family of commands in Stata that appropriately took the complex sampling design of the study into account. The number of physicians who graduated between 1980 and 2009 and had left patient care by August 2015 was calculated by multiplying the point estimate and 95% CIs of the proportion with the total number of physicians of 23,112 who had graduated during this period and were alive in August 2015. As the length of follow-up varied depending on the year of graduation, we used Poisson regression to calculate rates, and univariable and multivariable Cox proportional hazards models adjusted for all three covariates to calculate hazards ratios (HRs) for the association of leaving patient care with gender (women vs men), language region (German-vs Italian-/French-speaking parts of Switzerland) and year of graduation (1995-009 vs 1980-1994 as a reference group). Rates were estimated for 5-year bands of graduation. The period from 1995-2009 was deemed to represent the current generation of 30-to 45-year-olds, who were most likely to be actively engaged in family planning.
For the calculation of rates and HRs, we used two different scenarios. For scenario 1, we used the full length of followup from graduation to August 2015 for physicians who had stayed involved in patient care, and assumed the time of event occurrence for physicians who had left patient care to be at 50% of the time elapsed between graduation and August 2015. As the length of follow-up depended on the year of graduation, this scenario would likely overestimate the difference in rates between physicians who graduated late (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) ) and physicians who graduated early (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) . In a conservative and probably more realistic scenario (scenario 2), we therefore censored the followup of physicians who had stayed involved in patient care at 10 years, and assumed that the time of event in physicians who had left patient care had occurred between 5 and 10 years after graduation, using a uniform distribution for the event probability between 5 and 10 years. For all analyses, we used multiple imputation to account for undetermined status, with stratum, gender, region of origin and year of graduation included in the imputation model to create 20 datasets. All analyses were done in STATA version 15.1 (STATA corporation, College Station, TX, USA) and accounted for the stratified random sampling strategy.
Results
In the National Registry of Medical Professionals, we identified 23,532 individuals who graduated between 1980 and 2009 ( fig. 1 ). We excluded 420 physicians (1.8%) who had died. Of the remaining 23,112 physicians, preliminary classification identified 18,406 (79.6%) who were probably involved in patient care and 4706 (20.4%) who had potentially left patient care.
Of the 250 physicians classified as probably involved in patient care, we found that 223 (89.2%) were involved in patient care and 5 (2.0%) had left patient care. After searching the web, we could not determine the status of 22 (8.8%). Twenty of these responded to our questionnaire; 14 were involved in patient care and 6 had left patient care. Of the 250 physicians classified as having potentially left patient care, we found that 87 (34.8%) were involved in patient care and 80 (32.0%) had left patient care, whereas 83 (33.2%) remained undetermined. Of the 83 physicians with undetermined status, 51 responded to our questionnaire: 23 were involved in patient care and 28 had left patient care. Table 1 shows a cross-tabulation of baseline characteristics by type of classification (definitive or preliminary). There was no evidence for associations between baseline characteristics and definite status for physicians probably involved in patient care or those who had potentially left patient care (p-values between 0.29 and 1.00).
For all graduation years, 1980 to 2009 combined, we estimated that an average of 13.6% had left patient care (95% CI 11.1-16.1%). For physicians who had graduated between 1980 and 1994, the estimate was 11.3% (95% CI 7.9-14.7%); for those who graduated between 1995 and 2009, the estimate was 15.9% (95% CI 12.2-19.6%). Based on these numbers, a total of 3149 physicians were estimated to have left patient care by August 2015 (95% CI 2575-3722). and 2009, we estimated a rate of 1.3 per 100 physicians/ year (95% CI 1.0-1.7). Figure 2 panel B shows the rate of physicians who left patient care based on scenario 2. In the period between 1980 and 2009, the rate of physicians who had left patient care was 1.5 per 100 physicians/year (95% CI 1.2-1.8). For physicians who graduated between 1980 and 1994 we estimated a rate of 1.2 per 100 physicians/year (95% CI 0.9-1.6); for those who graduated between 1995 and 2009, we estimated a rate of 1.8 per 100 physicians/year (95% CI 1.4-2.3). Table 2 shows the result of the subgroup analysis. In univariable (left) and multivariable Cox regression models (right), there was evidence for an association of leaving patient care only with period of graduation. According to scenario 1, the HR comparing physicians who graduated late (1995-2009) with physicians who graduated early (1980-1994) was 2.50 in the univariable analysis (95% CI 1.67-3.74) and 2.52 in the adjusted analysis (95% CI 1.68-3.78). According to the more realistic scenario 2, the HR was 1.72 in the univariable analysis (95% CI 1.11-2.67) and 1.74 in the adjusted analysis (95% CI 1.12-2.70).
Discussion
Main results
About one in seven physicians who graduated in Switzerland between 1980 and 2009 had left patient care. Our multivariable analysis of both scenarios showed that physicians who had graduated between 1995 and 2009 were less likely to participate in patient care than those who graduated before 1995. Our analyses revealed no evidence for gender differences or an association with language region.
Context
Few studies are comparable to ours (table 3) . Studies usually focus on "intention to leave patient care", which varies widely and depends on setting and the physicians sampled. The few studies in table 3 that assessed departure from patient care also varied widely, from 3% to 17%. Degen and colleagues' systematic review found that the percentage of physicians who intended to leave patient care ranged from 3% to 54% in Finland, France, Germany, the UK, and the US [11] . When physicians were asked about their intention to leave 'direct patient care within 5 years', answers from four of the studies in the review ranged from 11.8% to 22%. In a prospective cohort study, Hann et al. [12] established a causal link between intention and subsequent departure from patient care. The investigators asked 1174 GPs in the UK about their intention to leave patient care and followed them up 5 years later. They found 1 in 6 GPs See methods section for a description of the two scenarios. Reading help for the last line of the table: the hazard ratio of having left patient care comparing those graduating 1995-2009 with those graduating 1980-1994 is 1.72 in the univariable analysis of the more realistic scenario 2, corresponding to a 72% relative increase in the risk of leaving patient care during the later as compared with the earlier period. The association was still found in the multivariable analysis after adjustment for gender and language origin, with a hazard ratio of 1.74, corresponding to a 74% relative increase.
left patient care within 5 years; intention to leave (measured 5 years earlier) was the strongest predictor.
Contrary to prevalent opinion in Switzerland, women were no more likely to leave patient care than men. Mache and colleagues' 2015 study of work-family conflicts and other studies also found that gender was not associated with leaving patient care [13] [14] [15] . Men and women were equally likely to report work-family conflicts, and these con- flicts were tentatively associated with the decision to leave patient care [9] . Other studies did find gender differences [16] [17] [18] . For example, Adám et al. surveyed a cross-section of 123 Hungarian physicians. In in-depth interviews, they found that female physicians reported more workfamily conflicts and "less parental, spousal and peer support" than men [16] . This suggests that lack of social support, rather than the feminisation of the profession, could explain why physicians leave patient care.
Our study was not designed to assess the reasons why physicians leave patient care, but early studies found a variety of causes, from family or personal problems, to dissatisfaction with the work load, healthcare reforms that burdened them with administrative tasks, less opportunity for direct patient contact, and rising patient expectations [19] [20] [21] . Petterson et al. analysed a cohort of 80,000 US physicians and found that about 11% of those over 55 had started to participate in activities other than patient care late in their careers (i.e., administration, teaching and research) [22] . Physicians also leave patient care because they get burned out. Pantenburg et al. identified a crosssectional association between the desire to leave patient care and burnout in a sample of about 2400 German physicians: 30% of physicians with burnout wanted to permanently leave patient care, but only 16% of those without burnout felt similarly [23] .
Limitations and strengths
Our study has several limitations. First, we were unable to identify the working status of 34 out of 500 (6.8%) of the physicians sampled. We therefore used multiple imputation to account for the undetermined status of these physicians in all analyses. Second, the length of follow-up in our study varied depending on the year of graduation. We therefore used Poisson regression to calculate rates, and Cox proportional hazards to determine the association of having left patient care with gender, language region and period of graduation. As our design prevented collection of the specific time when physicians had left patient care, we performed analyses using two different scenarios. For scenario 1, we used the full length of follow-up from graduation to August 2015 for physicians who had stayed involved in patient care. As the length of follow-up depended on the year of graduation, this scenario would likely overestimate the difference between physicians who graduated late and physicians who graduated early. We therefore developed a conservative and more realistic scenario 2, in which we censored the follow-up of physicians who had stayed involved in patient care at 10 years, and assumed that the time of event in physicians who had left patient care had occurred between 5 and 10 years after graduation. The two scenarios are likely to cover the full range of plausible differences in rates of having left patient care between physicians who graduated late and physicians who graduated early. Finally, the power of our study was low to detect smaller associations, and there is a possibility of residual confounding. Strengths of the study include its innovative design with efficient use of existing data sources and surveys in random samples representative of physicians who graduated in Switzerland during a 30-year period, and its novelty, as this is the first conducted study to estimate the percentage of physicians who actually left patient care in Switzerland.
Implications
As the population ages, medical specialisation and the shortage of general practitioners must be reversed and the healthcare system must retain physicians in the clinical workforce. Future studies should ask why Swiss physicians leave patient care, with an eye toward designing and testing effective interventions that address preventable and solvable problems that cause physicians to turn away from clinical practice and that discourage them from returning.
Conclusions
Approximately one in seven physicians in Switzerland who graduated between 1980 and 2009 left patient care. Leaving patient care was not associated with gender, but the probability of leaving patient care was increased considerably in physicians who graduated more recently. Interventions that aim at keeping physicians in the work force and encourage their return to practice are sorely needed.
